AUGUST, 1952 


August JOURNAL OF METALS Highlights: 
“Hot Patching Practice at McGill Smelter” - p. 815 


“Scrap Handling Program Speeds Furnace Charging” - p. 826 
“Solid State Physics in Electronics and in Metallurgy” - p. 829 


he 


Stokes Microvac Pumps...are toVacuum Processing 


run fre 

to lon 
onsumprt 
motor contnb 
equining muni 


i. standard and 
from wear 
wssures years wie root Service, 
Typsc al instaitation of Stokes Vacuum Pumps. Stokes is 
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Plastics Molding Presses, 


and Powder Metal Presses, 
Pharmaceutical Equipment, 
Vacuum Processing Equipment, 
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FJ STOKES MACHINE COMPANY, 5516 TABOR ROAD, PHILADELPHIA 20. PA. 
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delay urgent 


© converting your photomicrographic 


to low power, or vice versa. Here's one ot 


ih & Lomb combinations that's tast becoming 


the BAL Research Metallograph and B&L Photo 
ipment Model 
re ethcrent to 


ise these specialized equipments tor 


pore ducing highest quality results 


THE RESEARCH METALLOGRAPH equips you for the widest range of high 


inalyses with phase contrast, bright 


Changeover of illumination rs quick 


THE MODEL L EQUIPMENT is a 


co lete photomacrographic unit with 
' pes of low power work. Highest accuracy with both 


tine and critical work, os assured by the world’s finest 


WRITE intormetion on how 


the complete, adaptable B&l line can 
save you man-hours and moteriols 
Bousch & Lomb Optico!l Co 78705 
St Pau! Street, Rochester 2. New York 
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NEW abundance of raw materials obtainable within 
the United States, newly developed methods of refine- 
ment, new knowledge of the extraordinary properties 
of some of the “rare earth” substances for highly 
technical uses... 

Such are the considerations that have led the 
Molybdenum Corporation to make substantial invest- 
ments in a mining property, modern equipment, and 
continuing technical research 

Whatever your present or future interest in rare 
earth materials, inquiry directed to the Molybdenum 
Corporation will be welcomed. Not only production 
tacilities but MCA knowledge and experience are at 
the service of industry. 

As a supplier of Molybdenum, Tungsten, Boron, and 
other alloying elements, the Molybdenum Corporation 


invites and solicits correspondence. 


MOLYBDENUM 


Longer Rare! 


AMERICAN Production, American Distribution, American 
Control, Completely Integrated 


Offices: Pitsburgh, New York, Chicago, Cleveland, Detroit, 
Los Angeles, San Francisco 


Sales Representatives: American Steel and Supply Co., Chicago; 
Fdgar L. Fink, Detroit; Brumley-Donaldson Co., Los Angeles, 
San Francisco 


Subsidiaries: Cleveland-Tungsten, Inc., Cleveland, O.; General 
Tungsten Manufacturing Co., Inc., nion City, 


Works: Washington, Pa, York, Pa. 


CORPORATION OF AMERICA 
Grant Building Pittsburgh, Pa. 
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ELECTRIC FURNACE SHOPS 


Freyn Engineering 
Department of 


Koppers Company, Inc. 


is prepared to 
engineer and to 
construct turnkey 
installations or 
to function in 
such manner and 


degree as you 


may prescribe 


METALLURGICAL PLANT DESIGN AND CONSTRUCTION 
KOPPERS COMPANY. INC 


Wa Freyn Engineering 


Department 
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GRAPHITE TUBES 


@ High temperature applica- EXTRA-HEAVY 


tions of | National” Carbon and STEEL PIPE 


Graphite are not limited to big 
tonnage items. A part of National 
IPE SI ST 

Carbon’s service is to develop any E SIZE D 
STEEL LOCK NUT 
application, however small, where 
the unique properties of carbon and 
GRAPHITE BUSHING 
traphite assure a convenience and 
economy to the user. In the tollow- 
ng two instances, a tew pounds ot 
serve literally fows of metal 


efficiently and at a savine 


GRAPHITE 
TAPERED PLUG 


REFRACTORY CEMENT 


QUARTZ SHEATH 


“NATIONAL” 
Can't be equalled by any other m 


of pasitying toto THERMOCOUPLE ASSEMBLY (typicat 


the bath, can't cortaminate the metal. les low coefhiient of 


| 
“NATIONAL” GRAPHITE-SHEATHED 


expansion prevents cracking and spalling. Metal and dross Only graphite could provide the degree of low-cost 

do not adhere ughtly to mum. And whatever gases are used, trouble-tree protection required by thermocouple as 

graphite will not corrode semblies of this type tor the ummersion method of 
measuring open hearth and electric furnace bath tem 
peratures. Reclamation and maintenance tor re-use are 
simple, qui md cconomual, Molten metal wont 
stuk to the graphite parts and they re thmune to 
thermal shock 


NATIONAL CARBON COMPANY 
A Division of Umon Cartide and Carbon Corpor ation 
National Carbon Company 30 East 42nd Street, Now York 17, Now York 
42nd Street 4 
New York N Y 


PLEASE SEND INFORMATION ON 


Thermocouple Sheath Parts Fluxing Tubes LOW LIGHT BILLS... 
NAME EVE RE ADY N I 
t I ‘ 
COMPANY 


ADDRESS 


BLAST FURNACE LININGS + BRICK - CINDER NOTCH LINERS + CINDER NOTCH PLUGS - SKIMMER 
BLOCKS + SPLASH PLATES + RUNOUT TROUGH LINERS + MOLD PLUGS + TANK HEATERS 
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AJAX 


Here 1s a new tool for melting metal _. . Something that 
can concentrate enormous power in a small space 
Something that can be adapted to accurate pouring, to 
precise temperature control, to inert gas protection, to 
high-grade refractories A tool that can be used for 
all existing non-ferrous metals and alloys 


AJAX turnaces paved the way for continuous casting 
processes which lay dormant in old patents of farsighted 
inventors who thought ahead of their times. Junghans, 
with the help of the AJAX furnace, developed his con 
tinuous casting process at the Wieland Works in Ger 
many before the last World War 


Scovill perfected the Junghans process in this country 
and is using AJAX-SCOMET furnaces of unprecedented 
size for melting, as shown im painting above. Nichols 
Wire &G Aluminum Company used the first commercial 
Properzi machine for continuous production of aluminum 
wire from molten metal delivered by AJAX furnaces; U.S 


Induction Melting Furnaces - 


A Modern Tool for Industry 


Metals Refining Company is using AJAX-SCOMET fur 
naces for continuous casting of oxygen-free copper. Cleve 
land Graphite Bronze Company produce their famous 
stock for steel backed copper-lead bearings exclusively 
in AJAX melting furnaces. Hunter Douglas Corporation, 
Riverside, Cal., uses AJAX furnaces for continuous cast 
ing of aluminum alloy strips for venetian blinds. AJAX 
furnaces are used in many plants and research labora 


tories for continuous bonding aluminum to steel 


AJAX made the first furnace for galvanizing steel in 
a refractory lining with accurate temperature control 
AJAX furnaces were instrumental in the realization of 
modern squirrel-cage aluminum rotor production. AJAX 
supplied the first commercial automatic pouring device 
for die-casting machines 

These few examples show how AJAX induction furnaces 
can be applied to modern manufacturing methods. Write 
us for further information 


AJAX ENGINEERING CORP., TRENTON 7, N. J. 


& /3 
ELECTRO METALLURGICAL CORP. and Assoc.sied Compares 
AJAX ELECTROTHERMIC CORP, 
AJAX ELECTRIC CO 


AIAK ELECTRIC “has Ge . 4 
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proud to have contributed to this om 

wih the development of Ramset. Intro 

{ thes magnesia ramming mun has 

sed untel now over a third of all basn open 


three principal reasons why more and more 


/ 


rammed hearths are in use: (1) The refractory itself is right 
for the job —econstantly improved through Basic research with 
the cooperation of practical steel makers; (2) Ramset rammed 
hearths save time, fuel, labor and brickwork compared with 
the traditional burned-in magnesite; (3) Correet installation 
procedure is supervised by skilled Basic engineers employing 
rally designed equipment, 

We look forward toe the continuing opportunity to serve the 
industry with more Ramset bottoms, thus to help produce 
more efieently the increased tonnage of steel demanded for 


defense and enihan needs 


y, Write for free booklet "Underlying Stee!". This 
graphic booklet tells the story in words and pictures 
of granular basic refractories and their role in the 
production of open hearth steel. Address Dept. 18 


(VND SUPPLIES, Ham 
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| BASIC OPEN HEARTH STEEL OUTPUT IN TONS 
78,714,852, 
| 1951 
Tete! steel evtput pesses “Estimated 1951 ton- 
100,000,000 ton mark fer age and production 
| wt Increeses in leber end first time. Use of Remeet for 1940, 1944 and 
other costs mode steedily increasing. Now 1948 are Americen 
| ducers economy mind 342 of the nation’s 927 bron and Stee! insti- 
ed More and more basic open hearths heve tute Agures 
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! pent 
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Serving 


TONS 


Vacuum 
Melted 
Metals 


PRODUCTION on vacuum melted metals that was formerly measured 


in pounds can now be measured in tons. Vacuum Metals’ new expanded 


facilities are capable of producing 5 tons per day of Gas Free High Purity 


metals and alloys 


Vacuum melting techniques provide metals of higher purity and 
] 


alloys held to closer composition tolerances than ever before achieved 


commercially 


The unusual physical, chemical and electrical properties of these metals 


have proved of particular value for applications such as electronic and 


electrical parts, magnetic materials, bearing materials diaphragms, instru 


ment components, and Atomic Energy projects 


Metals now being vacuum melted include copper, nickel, iron, and 


Preporing somoles of vacuum melted 
metols for analyses 


nolybdenum. Further information will be furnished gladly on request 


von | VACUUM METALS CORPORATION 


HIGH VACUUM CASTING 


SPECIAL ALLOYS Subsidiary of National Research ¢ orporation 
GF (Gos Free) METALS 70 MEMORIAL DRIVE, CAMBRIDGE 42, MASSACHUSETTS 
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SYLVANIA 


Electric Products, Inc. 


40-22 Lawrence St. 


Flushing, L. I. 


METALLURGISTS 


REYNOLT METAL MPANY 


CHIEF MATERIALS AND 
PROCESS ENGINEER 


MCDONNELL AIRCRAFT 
CORPORATION 


Missour 


New York 18 Detroit 


— POSITIONS OPEN —— 


Assistant Welding Engineer 
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sales Manager 
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Research Associate 
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DEMOLITION and REMOVAL 
EXPERTS 


Vit 
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Chemical Engineer, 1S 
C ar | W ide exper 


.pacities it THE BEST EQUIPPED 
nome ORGANIZATION IN THE FIELD 
woe FOR DOING THE JOB QUICKER, 
” BETTER AND AT LESS COST 


Furnace Tear Outs 


Salamander or Slag Removal 


—— is The Ma 


Leaders Available 


Material Handling 


! July JOURNAL OF 


Vl » WW 
Vib TA vere j We ¢ ect t 


24 Hour Service, 7 Days 
Per Week 


World Wide Reputction 


Consult Us on Your Next 
Removal Problem 


BREAKING CO. 


EDWARD GRAY, President 


PITTSBURGH, PA. GENERAL OFFICES: 
530 Wm. Penn Place @ 12233 Avenue 0, Chicago 33, Ill. 
ATiantic 14674 BAyport 1-8400 
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Single draw forms this sink 
from Type 130 Stainless Steel 
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working 
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without 


grade of 
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working 


ntatives 


Potato chip machine maker switches to U-S-S 17 Stainless 


This kitehen sink, fabricated by a pr 
manufacturer atriking example of the 
pe erty fuss Stuinte 
pe $50 Stainless Steel ina single draw =! 
sink was formerly fabricated from a EET 
nickel bearing Stainless Steel. But restrictio 
J of this grade turned attention to re 
4 it tr t-chromum Stainless. It was f 
P product could be fabricated from U- 
properties of LOSS may indicate to 
i for use mm ¥ r product. Our repress 
will be glad to help you investigate it. 
| | 
rh trons on nickel bearing grades of Stainless 
Inc.. Harrisburg, Pa.. 
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the 


it will pay you to familiarize yourself 


with its working properties 


W... removal of all CMP controls from the 


straight-chromium Stainless Steels, 17 
AISI Type 430) deserves your most careful 
attention. 

In numerous cases, U-S’S 17 can be applied suc- 
cessfully where nickel-bearing Stainless Steels were 
used before; many manufacturers have already 
made the switch with excellent results 

The working properties of straight-chromium 
Stainless Steels differ in many ways from those of 
nickel-bearing grades. In some instances, you'll 
find they make fabrication more simple; in others, 
they may call for additional operations. 

For example, USS 17 Stainless Steel has a 
lower tensile strength than comparable nickel 
bearing grades. Hence it can be drawn, bent or 
sheared with less power. It does not work harden 
as fast as the 18-8 types, and it is easier to fabri- 
cate by spinning. 

U-’S’S 17 has drawing characteristics somewhat 
like those of mild steel. Deep draws can be made 
without difficulty as exemplified by the sink shown 
on this page. However, more steps or operations 
may be required than when working with nickel 
bearing grades. The same is true in the case of 
bending 

Welding U-S’S 17 is not difficult, and soldering 


UNITED STATES STEEL COMPANY, PITTSBURGH + AMERICAN STEEL & WIRE DIVISION CLEVELAND + (6 
FAIRELE 


WATIOWAL TUBE DIVISION, PITTSBURGH + TENNESSEE COAL & IRON DiviS 


. ‘ 


is practicable if an etched or wet-table surface is 
provided 

These are typical differences that should be 
considered in changing to straight-chromium 
Stainless Steels like U'S’S 17. You'll find addi- 
tional valuable data on the mechanical properties 
of these grades in our booklet, “Fabrication of 
U-S’S Stainless and Heat-resisting Steels.”" Use 
the coupon below 

Our local district sales offices will be glad to give 
you assistance in planning your production around 
US'S 17 Stainless Steel. Feel free to ask them 


for their help. 


Please send me your booklet 


“Fabricationof US’ SStainlew and Heat. resisting Steels.” 


Pith 


LUMBIA GENEVA STEEL DIVISION, SAM FRANCISCO 
D ALA + UNITED STATES STEEL SUPPLY DIVISION, WAREMOUSE DISTRIBUTORS 


rome 2-091 


STAINLESS 


SHEETS strip PLATES BARS BILLETS PIPE TUBES wire 


SPECIAL SECTIONS 
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can p P 
to whe variations in 
nature of metals, wheel speeds, ways of working and objec- 
tives in each progressive step, are too great. Most plants gain 
three ways with Electro Specific Purpose Grinding Wheels. 
If you will write, wire or phone us, we will, without cost or 
obligation to you, send a technically trained Sales Engineer 
te show you how you can do it, too. 


344 Delaware Avenve, Buffale 2, N. Y. 
tena! les Angeles 58, Catiternia 
Plants: N.Y. ond Cop-de-le-Madeleine, P. Canada 


A new 80-ton capacity billet 
heating furnace is scheduled for 
completion by the Kust Furnace 
Co. of Pittsburgh tor the Algoma 
Steel Corp.. Ltd. at Sault Ste 
Marie, Ont. Three batteries of 
soaking pits have been completed, 
with an additional battery of three 
hole soaking pits scheduled for 
completion seen. The fturnace, 
double fired and side charged and 
discharged, will serve a new bar 
and strip mill. The soaking pits 
will be used in a blooming mill 
Three batteries of Rust pits are 
already in operation. The pits and 
furnace are equipped tor auto 
matic control of fuel air ratio, 
pressure, and temperature 


e Curtiss Wright will go ahead 
with construction of S16 million 
building, and $3.3 million building 
in the Buffalo area, as part of a 


| Industrial Notes . . 
— furnace in ope ' the 
— ted 
: 
Today, no general purpose wheel, whether for snagging, cut- . vies 
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Microscope, camera and light source 
in one convenient unit! 


projected S10 million expansion 
program. The latter building will 
house a $3.7 million 12,000-ton ex 
trusion press. The press will be 
used in the manufacture of hollow 
propeller tubes from billets 

\ 
I l Mir 
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Universal Metallograph 


In the Panphot, Leitz offers the perfect combination 


of research microscope and reflex camera for the 
metallurgical research laboratory. Operating parts 
for observation and photomicrography are right at 
hand, ond you can change from one to the other 
quickly and dependably... without moving from 
your chair. Light source, microscope and camera are 


permanently aligned ina single, easy-to-use instrument 


Designed to meet a wide range of needs, the Panphot 
permits the use of reflected light? darkfield illumina 
tion and polarized light. A full line of accessories is 
available te equip the instrument for all types of 
photomicrography, photomacrography and for draw- 
ing and projecting micro images. The Panphot takes 

Va" x 4%" or 4” x 5” plates or cut film for both 


black and white and color work 


Another of the famous Leitz microscopes, recognized 


everywhere as the finest microscopes made anywhere 


For details, write Dept JM 


E. LEITZ, Inc., 304 Hudson Street, New York 13, N.Y 
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Books for Eagincers 


Titantum Metal and Its Future tit t fort ' 
ORDER YOUR BOOKS THROUGH 

AIMEAddress Irene K Sharp, Book 

Department Ten per cent discount 

given whenever possible Order Gov 

ernment publications direct trom the 


agency concerned 


PROFESSIONAL SERVICES 


AIME members co An Outline of 


Metallurgical Practice, 


ENGINEER 
Ferromagnetic Properties of Metals 
and Alloys, K. Hoselit Oxford 
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METALLURGISTS t ent developments. 

SAM TOUR G CO 


t vd tty 
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Timken wrings a 2-ton roller bearing dry 


by high vacuum 
WHEN vou've tintshed a 3-foot roller bearing and moves every tra f water When covered with 
put ita to await a call from a steel mi tsa petrolat i uins in perfect ! 
as acer that tl autifulls t L's i guely efficient 
ma surta rf 1 despite a protectiy pump, cl yuly t 1s nomical t 
i of pet atun it imi t for isyv, tro 
The Timken R r Bearing Company has solved free operat ; 
this pr m by getting rid of the laste bit of water If vou suspect that high vacuum has a place tn 
hetor ating. They doit with DP: high vacuum vour business, our engineers are ready to discuss 7 
yuipment, and here's how it works its applications with whether for dehydration 
Th aning ous first washed in a hot water vacuum metallurgy, or any other phase of high vac 
mn. Then it ts placed in a high rum technology. Just write Dastillation Products 
i ! hamber where the pressure ts quickly t Industries, Vacuum Equipment Department, 607 7 
tro 9 microns Hg ‘about 1 millionth atmos Ridge Road West. Rochester 3, NY Divi 7 
ind held for 2 es. Thatr tastma Kodak ¢ mpans 


high vacuum research and engineering 


vitamins A and E . . . distilled monoglycerides more than 3500 Eastmon Organic Chemicals for science and industry 
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SYMBOLS OF ELECTRONIC PROGRESS— William Shockley 
of Bell Telephone Laboratories, lett head of the program 
which led to the development of the transistor, and Lee 
de Forest, inventor of the audion im 1907 forerunner of 
modern vacuum tubes. The transistor employing ger 
monium crystals, does most of the things a vacuum tube 
can, requires less space about o millionth of the power 
yet amplifies signals about 100. 000 times A junction type 
transistor 1s shown in the insert compared with a mimature 
commercial vacuum tube Thus far, use of the transistor 
hos been strictly military but the future promises pocket 
radios and other civilian use products. For details on 


transistor electronics and metallurgy see Pp 829 
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A conventional precipitator design on a metallurgical 
application could be wasteful’ That's why Koppers de- 


veloped special designs to clean sintering gas and hot 


gases from hearth, flash and fluidized roasters. Other 


types are also available for removal of acid mists 


offer Guaranteed Rates of Recovery 


and Nuisance Abatement! 


onan INVESTMENT that’s the report about 
va Koppers-Elex electrostatic precipitators on zine roaster 


and acid mist applications. Not only is recovery guaranteed to 


any etlicency you specify ... but proper engineering protects 


HERE'S THE RECORD* 


you against failure during overloads and production peaks! 


Koppers engineers analyze each Only Koppers gives you the drag scraper which provides 
metallurgical gas cleaning and continuous dust removal and eliminates plugged hoppers and 
recovery problem individually bothersome dust build-up. Separately energized multiple series 
Then, based on extensive experi fields provide maximum collection of very fine particles and 

‘ they give you a specie protect your investment because outage of one field does not 


nmendation of the amount of 


halt the gas-cleaning action of the precipitator! 


recevery that can be economically 


Hundreds of Elex precipitators are in use today all over the 


ned with the degree of gas 
world. Koppers-Elex electrostatic precipitators are designed 


you require 


engineered, fabricated and erected under one contract by the 


Koppers Company and each installation comes complete 


with packaged” mechanical or vacuum tube power packs. If you 


have a gas-cleaning problem, write to: Koppers Company, 
Inc., Precipitator Dept., 26% Scott St., Baltimore 3, Md 


"“Gueranteed: Bles 


ELECTROSTATIC 
PRECIPITATORS 
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THE DRIFT OF THINGS 
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Dues to Continue Unchanged nd companies { he hted 5 


‘pt 


To Meet Higher Unit Costs ; 
onfined to the nited 
Deen ady 
and Metallu 
id Metallury 
v¥ on mer 

» 
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DUCTILE IRON PROVIDES mechanical prop- 
es which approach those of cast steel. In 
nes the machinability and 
wear-resistance as well as the fluidity and 


castahility of cast iron 
PRODUCT AND Presence of spheroidal rather than flake 
ute not onl th 


grap ly gives this new material 
luctility that is umique among cast irons 


PROCESS 


REMARKABLE CHARACTERISTICS OF DUCTILE IRON 


1. Its elastic modulus, about 25,000,000 psi, 


i “ illy unaffected by composition o 


thickness 


e 2. It can pre vide a chilled, carbidic, abrasion- 
or U | e ron resistant surface supported 


1 by a tough duc- 


tile core 


3. As-cast ductile iron of 93,000 psi tensile 


strength has the same machinabuility 1 iting 


yi 


aS gray iron with a strength of 45,000 psi 


4. Annealed ductile iron can be ma- 


chined at a rate 2 to 3 times that of good 


quality gray iron 


5. It can be satisfactorily welded 


6. It resists oxidation and growth to an 


extent never before available in gray 


iron castings 


7. It can be cast in intricate shapes not 


normally feasible 


for cast steel 


AVAILABILITY 


Send us details of your prospective uses, 


may ofter a lst of sources 


from some 100 authorized foundries 


now producing ductile cast iron under 
patent hcenses Request a lst of avail- 
able publications on ductile iron ... mail 


the coupon now 


Ductile Iron offers excellent castability 


high mechanical properties and good ma 
( eTeESY oF ACME SHEAR COMPANY. BRIDGEPORT 1, CONN chinability. Castings show superior pressure 


tigt 


itness, good el ¢ modulus and resis 


tance 


weighing a few ounces with sections as 


“tenth of an inch to 50-ton 


with sections 4° thick 


THE INTERNATIONAL NICKEL 
Ade COMPANY, INC. 


67 Wall Street, New York 5, New York 
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A new megnetic materiel, composed of biamuth and mangenese, has been 
developed by the Naval Ordinance Laboratory, White Oak, Md. The 
new materia] has ea flux density exceeded only by pletinumccbalt 
alloy. The magnet can be made by powder metallurgy techniques, 
thus insuring close tolerance of complicated shapes without 
mechining. Production involwes heating powdered mangenese end 

bismuth at 700°C, and hot pressing the resulting bismuthide at 

300°C in «a strong magnetic field. The materiel exhibits a 

coercive force of 3000 ocersteds, greater than any known permanent 

magnetic materiel. 


Electrolytic mangenese from low grade domestic ores can be substituted 
for some uses of ferromanganese made from high grade foreign ores. 
According to tests conducted by the Bureau of Mines in cooperation 

with private industry, electrolytic manganese is superior to other 

erades for some purposes because of its purity. 


West German technicians are installing equirment end will head the steff 
at what will be Mexico’s largest steel foundry. Called Bajos Hornos, 
it will be located close to the Mercado ore reserves. The plent is 
expected to produce 300 metric tons of steel daily. Initial capital 

investment will be about $50 million. 


The largest aluminum ingot ever made, weighing 7000 1b, has been 
developed by Kaiser Aluminum & Chemical Corp., in connection with 
the Air Force's $389 million heavy press progrem. Nonaveilability 


of large size billets would have presented a problem once the 
presses, which will range from 8000 to 50,000 tons, head been com- 
pleted. The largest billet now in use is only one third of the 
weight of the Esiser ingot. 


National Lead Co., has acquired the outstanding stock of Titangesellscheft 
M. B. H. of Leverkusen, Germany, which operetes « plent producing 


titenium oxide pigments for European consumption. National Lead 
previously owned a SO pct interest in Titangesellscheft, and 
bought the remaining capitel stock from I. G. Farben-Industrie. 


A direct current magnetic pump, capable of pumping large quantities of 
liguid metal, has been developed by the Argonne National Labora- 
tory. Copper bars are soldered to opposite sides of metal tubing 
and the assembly is placed between the poles of en electromagnet. 
Inlet and outlet velves are attached to the tubing. Longitudinal 

thrust develops in the liquid as electric current is passed through. 


The first styroflex cable, used to conduct television microwaves, will 
be instelled at the Mt. Sutro transmitter of station KPIX-TV, San 
Francisco. The cable employs a continuous pipe of aluminum as 
the outer conductor and sheath and is considered more efficient 

than any other coaxiel cable ever developed. 


More than 4 million 1b of aluminum went into the construction of the 
S. S. "united Stetes, holder of the Atlantic crossing record. The 
ship's superstructure, more than 600 ft in length, deck houses, 
superstructure decks, bulkheads, lifeboats, and davits, are all 
made of aluminum. 
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records and controls 
all 3 variables 


TEMPERATURE 


the 


fuel, regulates ‘ 


and in turn resets an Aur Flow son OW 
Controller Ihe itter records 


combustion aur flow and throt 


thes aurin the desired proportion 


: 


> 


= K EFFICIENCY of combustion, and closer 


control of atmosphere of industrial furnaces are 


now possible through Honeywell Fuel-Aur Ratio 


Control, Outstandingly stable, this control inter- 


locks temperature and ratio in a responsive pneu 


matic system. Air and fuel flow change in constant 


step with each other tollow heat demand quickly 


but without cvcling 


Use of pneumatic control throughout assures accu 


rate rateo at all firing rates. Ratio can be adjusted 


to any value from 0 to 200 percent, and can be 


Inased to compensate for air infiltration or to 


change ratio at low flows. On dual fuel furnaces, a 


single switch transfers measurement and control 


from one tuel to the other 


Callin your local engineering representative for a 


discussion of your fuel-air ratio application he 


includes NEW AlecTronik Controller 


fem ts the new 


is as near as your phone 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Jn 
Wavne Ave 44, I 


rformance of the 


\d ible rer in AP OLIS 
BROWN ('NSTRUMENTS 


oe 


Data 


SHEET NO. 4.3-4A "METERED FUEL-AIR RATIO CONTROL" 


WRITE FOR INSTRUMENTATION DATA 
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instrument contr is af 
pliable t inv furnace An 
* in ElectroniK Fuel Flow Con 
troller, This controller meters 4 
to tuel ¢ 
AIR FLOW 
60 
4 
#0 
\ 
A i Meustiremer ind ntr oft 
ind chart are easily 
ent range For fuel cost 


Reverberatory Campaigns Increased —— 


Hot Patching Practice 
At McGill Smelter 


by Edward Pesout 


‘ 10 
pot tr ection deve pe {in the furnace arch 
The furnace would then be shut down and the arch 
na « espe eplace i 
During the vears 1935 to 1939, the furnace operat- 
period averaged 71 days, arch repairs averaged 
40 ft and down time averaged 8 day The arch re- 
pai inged from 10 to 85 ft and the furnace wa 
jown from 1 to 14 day This practice continued 
int ia icible epa or uninte ipted operation y 
vould demand starting of the spare furnace — 
With the increased coppe jemand, and a reduc- 
tior f available ibe because of selective s¢ wee 
equirements, the hot patching method was initiated 
t nst ment at! e continuou peratior 
Hot } ite? I ot the rite or ot the fu nace Wa 
t tried experimenta n November 1938, whe 
the of ct i cor te 1 only of ilica i, i It 
was impossible to keep the flour in suspension in the 
Quigley gun, and only a small percentage of applica- 
tion was obtained. Better result vere obtained with 
e clay added to the silica flour. About 40 pct of 
the spraved material adhered to the roof. A water- ; 
: ed 3} pipe covered areas within the centra Fig. 1—Badly tluxed out charge and delivery pipe holes were 
portion of the furnace repaired to approximately the original contour of the brick 
The t campalgzr thie not patchin by McGill turnace lining technique 
the period Feb. 5 to Sept. 29, 1939. This period wa a B aye nd ai 
62 pct eate than the average periods prev i nitontion f 
before and after patchir how I 
A second succe Campaign resulted in 162 da tent le its 
f eration d the pe 1 Oct. 16, 1939 to Ay the furnace in oneration § ; es ; 
clay were tried. The percentage of application wa " 
conditior The plant has, at time erated 
ncreased tne SINE a portior »-dav-per-week and or j ‘ coh 
cla The ¢ Nir experience of tne perat cor There have been 1l5-da hitdou 
tributed a great deal. Bentonite was tried during the the middle of the wear f cae 
itter | t of th campaign with good result 
Durit the next campaign of 426.32 operatir 
been operated t furnisn tte ‘ t 
a conta nk pct bentonite and Yo pct 
ca flour was used. The bentonite allowed use of EDWARD PESOUT is Smelter Superintendent of Kennecott Cop 
i heavic ind resulted in a greate pplica- per Corp, Nevada Mines Div, McGill, Nev This paper was pre 
tior The nal application of bentonite-mixed sented at the Pacific Northwest Conference, AIME, Spokane, Wash 
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RACTICE at McGill smelter prior to 1939 was t 
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| /st floor 
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Fig 2—Dry granular bentonite is poured into one two 
viendrecal steel tanks through oa 10 mesh screen and over a 

spreader, shown um detail at the bottom the figure 
After violent agitation, which disperses the bentonite into a 


3 the ge! flows into the mixer where silica tour 1s added 
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—, 
Wate Water 
{ ‘ ve 3 
h 
rf 
: ~ valves th the tank. D tor month 
| 4 — 
} 
Noa 
pr 
| 
: J to form a slurry : 


Fig 4—The lengths 
of delivery pipe used 
tor spraying central 
portions of the fur 
nace are constructed 
of thin, cold drawn 
seamless tubing 
Water cooling 
necessary to keep 
the pipe from heot 
img and bending as 
the slurry has poor 
cooling capacity 


3—A Quigley refractory and concrete gun shown in 


detail. «s used to apply the slurry It requires about 3 min 
to discharge the 2 cu ft capacity gun which will coat trom 


to 35 ft of surtac« 


Vg" extra 
heavy pipe 


stee/ tubing 


Cold drawn seam/e 


Cooling 
£ water 


Sta. street 
e Dow 


Ya extra 
heavy pipe 
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to be lined. Eight i 12-ft lengt! % > wer } 
constructed of Chis tubir 90° 
Wate e the } 
| water ton | 
— 
threaded ana 4) 4 tand i t et elt 
Spray ‘ ectal ‘ ted Water 
are spaced in tt jew f the take. The s} Drain \ 
holes are numbered! ‘ SS 
alse wecon hed tt othe fetthr 
Charge holes that e fluxe nad « led 
filled almost totally with the ret t i A second crew is added t when necessary. A a 
before the esultu nee be t 1 the tt icrew hi been added a the part of 
hole are pened to the eq ead ‘ cul ot i Cul period f operation at 
The spray crew cor t f two mer prayt Before the helper t the refractory in, he add i 
ind a helnpe Both membe ire the entonite sibout 1 4 f wate nm of to the con 
vel and the ref t nd t pent tents of the wheelbarrow, which are ghtly agitated ‘ 
and cl nu the } ‘ The helt hen arith bucket The waite doe tor ntimatel 
lu » 1 the place f apt thor nad t the t with the ke mate il even atte being charged 7 
He operates the valves while the sj ' ‘ nto the n. but hete eneously distributed 
the slurry to the furnace lini A re i kept of t) whout the plastic material and serve is an = 
the amount of material used and the af avcotiont the n passing into the 
lurrv spraved at each open pravir ul itlet and ake ery pipe 
omplished during the furnace ec! I ‘ i Phe cde ‘ pipe held in position by the spray . 
One spray crew t the start of a <« ! ‘ man so that the 1 ‘ t inside of the sprays 7 
the brickwork and t n the open expat! n joint hole. The helper opens the valve controlling the : 
> 
a hole for cooling 
d 
pipe for i 
CoC water 
Cooling waver 9” 
outlet 
rod { 
i 


Furnace Campangn Table I! Reverberatory Costs, 1932 to 1950 
to May 27, 194 
Helore During 


Hot Patching Hot Patching 


pplied 


solid Charge Tons 
Hrick and Clay 


sturry Matertal 


Total KRefractertes 


a iy ble cde 
‘ nd ted nd ‘ 
‘ ‘ nor } neu i | 
ent 
5 ent ‘ f t ! wchievea 
+} ed t the ‘ k in the 
: 
of urry Apphed During o 
ting Days trom D 
Area Tepe Tens 
42 
; 
¢ Per 7 > 
hie temn« ‘ \ ent ‘ 
‘ ‘ ‘ t 
ned wher na nag 
yer 
‘ f the be 
\ re 1 of the ne 
ope 
‘ ‘ 146) | Die’ 
‘ new the we 1932 
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An clectric furnace operator 
shown using an oxygen 
lance to remove carbon in 
an efficrent and economical 
monner by imyecting gase 
ous oxygen into the molten 


tee! both 


Silicon Limits Oxygen Utilization 


In Iron For Carbon and Silicon Removal 


by W. R. Lysobey 


off. Two injection 
ladle at about a 60 
Oxvgeen was inje 
flow rate of 140 cfm 
parable 

one 


react 


W. R. LYSOBEY is Assistant Metallurgical Engineer for Aw Re 
duction Sales Co, New York 
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2 
HF xVger nee in accepted tool in many pipe were mounted above the i 
‘ met ndustrv Today open invle 
heartt i eleet fu e shops producing carbor ted first through one pipe at ; 

nd a Lene lemonstrate that the use of gaseou In a carbon steel bath of con | a 
x\ ! nethoent and econon il Way to remove ection rate would have resulte ec 
‘ from the stee th. TI especially true t the end of the pipe, but th a 

n the v carbon shops where the efficient remova a MEMMLion apparent throughout the entire bath. I Ve 

eSDOT ble f nereused productior if the tron, howeve the the wr 
tent t t t In the elect furnace ho} markedly different Phere Na iy ent a tut ! > 
ferent type fa nd specialt which threw some of the on out of the ladle i 

te nrer \ n many ist essential pite of more than 1'z ft freeboard above the meta a 
to the ‘ tion that estriction in the use of gase lime The oxidation wa walized around the end otf - 
peration method dissolved nor reacted in the meta but caused a 7 

Mar ‘ jescribed the oxygen lance violent physical agitation resulti vave ot 

‘ nd it t pen hearth and elec- molten iron going over the je of the ladle. It w ' - 

t furnace These pape covered w k done it obvious that with the 1 in. pipe, the 140 cfm } Fr 
hoy tu ngot carbor y and specialty above the maximum flow rate. It also was apparent 

te i the methods used in making foundry that there was a violent, intense— almost exy j 
heat f ten nformation reaction at the end of the injection nee Althoug! 
Deen pul hea n n the Electr Furnace the oxygen reacted with cor manganese and 
Stee nd en Hearth I ee ys Of AIME. Only carbon, at the point of injection, the relative large : 

me pt ‘ { ‘ el njyection that have aised juantities of these elements prevented the diffu 7 

estior nd blen not covered by the more or solution of the oxygen so that it could not react 

be cor fered with the rest of the molten bat? 

The f t ) the expe ment After injecting oxygen for 16 min at 140 cfm, the 
which ind ted the complexity of oxygen injectior flow was decreased to 90 cfm and continued f 7 
nvolved the ise f oxveen t emove con and additional 24 min. The flow w lecreased be« ise 
nvestivation wv made to determine the pract ag made the operation hazardou fee tenn 
lit ‘ t} ‘ \ wermng the below the lag P ipted fre mts 

con content of hot metal before charging it int howerl metal and w over the workir ‘ 7 
Der he +} furnace It wa felt th might The lag was thinned with ates du 

are he need hearth pera hict ection period helpu cor Two re 
tempe ture hot met vit? Ow con content were ther nserted and ox ‘ flow f 290 cfr srt 
Oxygen w njected into an open top transte maintained through the pipes for 44 min. The meta . 

ile containir 75.000 Ib of The injectior 


{ 
t ‘ ise ‘ 
4 
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Raw Material 
Outlook Good 
For 


Western Steelmaking 


by S. G. Sargis 


S G SARGIS is Supervisor of Raw Materials tor Columbia Geneva 
Stee! Dw, U S Steel Co This paper was presented at the Pacific 
Northwest Conference, AIME, Spokane, Wash 
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ased o1 nited exy tory dat M ind phy 
be ved t ntaim unde n tons each, occu 
! n difficult te iin at nsiderable distance i 
from present railroad More work equired t pay 
ietermine if there are fact which may make then - 
‘ irce nthe future. Neverthele the potential 7 
there and the jf Dility f incre ne iron ore 
eserve t! igh discovery f additional deposit : 
ge e! i t ip} t the nece arv investment il 4 
aliroad pliant ind othe tie will be a matte: 
of t ad interest f mat ve \r nteresting 
phase the pe bility of hidden deposits. In notin 
ton estimate it was found that n t of them outcrop 
it the irface. Experience in Michigan, Wisconsi! 
Minnesota, and othe ocalitue n the United State 
where 1 I e Na been mined to many Vea 
hows that mar f the ebodies origimalls 
ighout the West ild greatly increase reserve 
because on ismall part of the n-bearing regior d 
have been competentiv ed f it 
ley t 
TH! eX the west as result of A cheay ipid, and effective method of findin 
it irface iron ore t iVa ble fo ich 
he second w iw esulted in a large increase : : 
the wester: I work. Thi the magnetomete peophvsica 
meet tl it Geneva. Utah: For trument which measure nor it n the eartl 
‘ nd other piace vere built. These new magnetic field caused | the presence f magnet 
that rir t keep pace wit! teel plant er igh magnetite t Ke then letectable by the 
expal n. The Vy mate ils for steelmaking ise af the magnetomete l mpetent hands and a 
et ma ind lmestone with correct analy the mugnetic data the mag 
These mate must be iilable economically, netometer make t possible to ts vithin satisfac 
tent ndust te i ict i manganese anomalte is of commer ‘ ind W th drilling 
nd fi ed u Osst yuanititie though of t jetermine it uc nd check the predicted tor 
ed at great listar the cene f pera ‘ greativ increased the efficien f exploration 
t ! the tant iw ! The ‘ iit Na Dear that exte OVE 
ten duction. It re es | n and hot metal barren areas can be entire eliminated. Reasonably ~ 
n the steel furr ‘ nd offsets the use of a muct peaking, existing ebodies need not remain undi : 
er ton: f t e Serap } luction u covered in view of the low cost of | pecting. A 
t } As the wester! ense of the value of tt met tean be obtained 
populatior ‘ ‘ ! cra will be available by compari predicted re t DbeTore eX 
Howeve t tee ndust is not built and ploration work, with actual results after the deposit . 
ntained ton wu nt of scrap avaliable have been drilled 
but must depend thie tead uValial ty of the Efficient use wi ! ‘ © the tt f available raw - 
fundamenti materia The an int of cob equired t produce 
nd limestone a ton of r greatly reduced by better prepara ae 
ew tatu development tion of iw materia whict nto Dlast furnace 
the e Known in the west It found that mixing volatile coals from other 
T 4 | ite ‘ ‘ t it or ct ar ieven ‘ ‘ the we 
irce and selection of de ts which best fit int duce an improved and acceptable coke. Manganese . 
ent cconot! At present the chief ana i mie aed int 
‘ I Kir e Utah and C ad It ered in Many present practice Blendu ind mix- a, 
tit New Mes 1 Washingtor bedding ten nereased potential ore 
Phi tuation limestone bow Improved mining and metallu methods pro- 
. ’ nd a mit much the same as f cok vide better extraction ind ree ern it both mune ‘ 
t \ nit i blem of sources best fitted ind mill. Bette teel is made to meet special need 7 
t tne ‘ ent ¢ ct eate ervice tne ‘ ilt from 
] Ore Reserve More re ble facts coverings conversion of iron ore. coal. and limestones is ob : 
the ‘ irrencee or fundamental raw materia tainea than ever betore 
n the west « levelop in time. Currently, a lstin 
f almost all known de t f iron ore occurrence 
n the western state when the estimated tonnage ; 
are totaled, shows a figure of some 600 millon tons . 


Fig cutting elec 
trode s automatically pos: 
tioned this schematic 
agram of a spark drilling 
excising operation by a 
serv mechanism control 
added to the basic spork 


discharge circuit 


Electronics Applied To 
Machining Hard Metals 


For additional mtormation nm methods of machining hard metals 
read the following articles that appeared in JOURNAL OF METALS 
New Method Machines Sintered Carbides, Sintered Borides, Hard 
ened Tool Steels” March 195 Conserve Diamond Bort and Cut 
Hord to Machine Materials With New Machining Processes, April 


195) 
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By switching in the appropriate circurt rough to tine cuts can be token without removing the somple trom the ma 
In the cylindrically ground specimen shown, four phases from rough cutting to tineshing can be distinguished 


W 


Fig. 3—Since the cutting electrode need not rotate as im 
conventional drilling, a cutting electrode of o soft, conduct 


ing material con be formed into the complex shapes to be 
reproduced in the finished prece 
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— 
chine 
mit io that the 4 iltant mn the 
tioned If. howeve the electrode at a p 
= that d i produced result 
tive ne tive « nal. accordu 
t f the The output pinion of a reduc 
t of the St i 
Because it ciate \ h 
ticfact emedied ‘ i 
in S n ul I th ton taker 
A k in the amy ‘ it. The i en 
f +} ri the 
the diset ‘ = ! device enoid, whose cent at 
' na ‘ ‘ he a of tl tions the electrode. The same 
bamé bile ‘ ‘ Howeve ‘ +} 
tyne of ser’ circuit can be plied te e elec 
4 whethe t be « ndu 
Where « nd i ‘ 
coon The phase ac 
tal t formed nd rectified 
t t beneath the electrode and the 
T 
hitered eat k to the elect ae 
> 
~ 


Fig Above A small universal grinder adapted to the 
spark discharge me thod shown Op« ration monner 
sumilar to that of conventional grinding but the surfaces 


never touch 


Fig 4 Left This excising machine with servo control hos 
a table that can be m ved mm three directions and rotates 


sbout any desired A typical schematn diagram tor 


this type of operation ts given im Fig 


eo 
= 
ind 6 show three 1 ‘ lupted f 
with the Sna ter 
Fie Tungsten spped on thes off na 
hand erinding mach 
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Hot Rolling Behavior of Resulphurized Steeis 
Improved With Manganese Sulphide Additions 


by S. Feigenbaum 


S. FEIGENBAUM 
Stee! Corp, Pittsburgh 
Open Hearth St Conter 
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Re ERS hur free face qualit All the ilpt addition on the mat : 
f ‘ panes tt treated Neut obtained fron 
eng? i ba the comy nd The omparative heat were made 
thie t t d vith element iiphu The 
ct t iif ov If ind Dig end-up moid 
t tir PeO-Fes ed on a 44 in. high lift bloom mill to 
ter t ! t carted and eda t arge Dillet or 
‘ t ' three-} ht et? \ mited tonnage 1 olled 
During 1951, 4756 tor f C-1117 billet 
‘ { tor the rie ide wit! ‘ i 
4 j hange ! plant conditior contributed 1 
ally rit ext met ‘ condition rh 
oat note that the heats of ¢ | 
rhe nd Februa 1952, st how 24 pet 
, : ns than the steel made with regula ilphu 
‘ ie with manganese hide and the f th 
( ] » 11] ind ¢ 120) Howeve the lata 
i 
th th ble ot ifficient f esentation 
heat ‘ not eve hfference tructure « 
mat phide addition ha been cor tent 
na comt ble to the efhicrens obtained witl 
hu nad fe nese The efticiren of ladle 
| fditior bet | <imately 8O pct for mar 
‘ nese and 85 pet f Iphur. The figure for mar 
nese f course an estimate nee th element 
ca f both manganese and 
le Ca conter oft ne manganese j 
‘ i definite ad nt ‘ nm maki ‘ il 
} ed le that w ild ma equire mediur 
\ A " rh fe manganese to finish be w the ecitied . 
‘ 4 i ich Cus economu ‘ j 
‘ f the ‘ f the compound. F ache 
ha heer ! vit? tand 1 fe it reese thre 
t at f the ‘ f ii 
sistant Metallurgist, Jones G Laughlin ' i depend t} 
i ern neo? e decre ‘ ‘ n and 
his paper was nted at the Nationa om is + 
nce, Pittsburgh, Mar 31 to Apr 2 1952 
AUGUST | 95 


harging buggies are loaded directly from trains of 10 to 12 cars consisting 
ss grades No 2 heavy melting scrap is shown being loaded into charging buggies 


Scrap Handling Program 


Speeds Furnace Charging 


by W. F. Bowers 


' P bout 15 ft deep. The scrap is removed by ® cram 
net and eithe tockpiled aded wu Lor 
hipment to the per neart? Each hea 
ited i hearmat! twe Heiper and ne 
} t rt The itt ises a cutting torch to free tangled 
¥| eces from the stockpile and cuts heavy piece oO 
t that the in be lifted easily and handled safely | 
ed with hold down guards to insure max 
\ 4 erviced 50-ton hamme 
1 type intry crane. Scray ight into the 
ndoli where it 1 aded 
‘ j ‘ ‘ ided with prepared s« i na 
1 he ‘ Wher led into ct ! 
w F BOWER th Kawer Stee ‘ od re ft 
, 5 RNAL OF METALS A T 


Five alligator shears 
with blades ranging 
trom 21 to 36 wm cut 
hight and heavy gage 
scrap in the West 
yard Shears are ted 
by a roller table 
equipped with hold 
down guards to im 
sure maximum satety 


«~~ 
A crew of SO burners prepares all scrap in the East yard by 


using C32 oxygen cutting torches Oxygen 1s pumped trom 
a central storage tank 
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451 min of crane time is saved on each rack ca 
ad of unprepared pipe Nhandiea & . 
! with a resultant | ni ju n. The ime 
time in tt vard itilized on day turn t tock ana > 
the West scrap yard and serviced by the same crane 
Stocking of shea: inloading, and loading cat f we. 
‘ jone with few exceptior m the wing and 
f 15 burne work in a burning bed area ap} 
mately 00x30 ft. The unprepared scraj a mis 7 
t je f } ne) 
ture fn crap, plate (too wide earings 
In the East vard, all purchased scraj ch a 
hinery and equipment, ral and ictural shape A . 
‘ ired. The vard covet about 10 acre witl 
iilroad extending th h the middle of the = \ a 
i and another on the north boundary. Prepared =. 
tockpiled on the south side of the middle 
bed tock of un- oT 
track There are burning beds and a fu 
epared scrap on the north ich This arrangement - 
‘ tle t t tk eratior Incoming unprepared : 
crap 1 inloaded directly fron railroad Ca to 
| nil beds whenever possible. Thi a genera ‘4 
ictice na ca because it avoid costl il 7 
it inloaded t the inpreparea tock-} ‘ the 
which cannot at time of unloading be placed 
rh each of y-ton cal j tne 
et t nur bed. Simiularts every effort 1 bile i i 
made t load the prepared Matetiat nto a ic 
thor ‘ Scray burned or pre} ed on day 
from the burning bed This operation ie 
endent on car availability. When cars are tava dee : 
mile The burnit bed e re ead he next day 
The Fa ird opera » the | e instructed 
50 1 rit cheduled f each da \ craj In 
ed by usir ( 2 oxvgen cu cl it i 
‘ that the fit rhe triste i will ‘ 
tion 1 15 heat ind ht scray it wa ir i il 
ice u f ar nternal on 14Al a i im ¢ fe the 
tert 14A24. The vard 1 erviced by tw preparation, | well ied 
‘ il ca g | ‘ 
- 


cutting torch 
prepar 


New Equipment 


requ 
boxes 

faster 
charging 
buggy drag 
stion 
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| 
> 47 
— 
: 
‘ batituting powd o lance has 
> + tome ing buttons and Why 
A mesh ron powd used tor utting 
+: 
‘ 
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Institute of Metals Division Lecture, 1952 : 


Solid State Physics in Electronics and in Metallurgy 


W SHOCKLEY is associated with Bell Telephone Laboratories ‘ t erfectior t ‘ 
Murroy Hill N J nT e 
TP 3336E Manuscript, May 12, 1952 New York Meeting, Feb Ww, 


ruory [752 


TRANSACTIONS AIME AUGUST 1952, JOURNAL OF METALS--829 7 


i be dons thre +} wall ven tvpe 
nw the teahy ect ‘ A th 
t ‘ hieved cor ‘ | t of techr mate 
that wu nd wf ned thd t it fifteer Cu 
i i 
The nu ‘ +} bflerence ‘ t thers ‘ eveal 
| ny ‘ ‘ ost 
i } re 
Tet thy ther hand thousand n dislocatior 
‘ tor It t + tuct t t i reference cor 
mt necif — t elect the ertect tructure the 
It sec ‘ ible I i 
thie erve ¢ nts ont ture ‘ tor j te by fe re 
Ir t I er ‘ fant i t ‘ the er 
font tate elact t i hie elect tructu f the 
‘ mmon fent the } mplete nd perf 
he mate i a m mpe ectior mper- 
rn nd ‘ nehir 
i 
n example orvectal 


each atom +s surrounded 


valent bonds 


Table Feature Extrinsic Semiconductors 


Blectronic Conductivity 


Chemica 
type 


Imperfections Im pe 


Table Mobslities Cm Sec per Volt Cm 


substitutional 


ess clectron 
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€ ~ 
seat 
| | | ~ 
| | tive 
al ° ‘ } 
' 
t \t ter Blectrons Holes 
were present. One feature that 
\ \ to ext na rot ‘ 
As the as hown in I 2 ar 
mpurity of valen 4s to the presen for Phe 


| | | 


ELECTRONS HOLES ELECTRONS 
AND HOLES 


Fig 4—Current carriers in semiconductors showing the motion 


of holes and electrons im electric trelds 


— BORON 


3—P type silicon showing how the presence of a substitutional 


Fig 
impurity of valence 3 leads to a hole 


Fig S—Experimental arrangement used tor determining the drift 
velocity of holes nm an n-type germanium filament 


AIME AUGUST 1952, JOURNAL OF METALS—831 


e Oo e it 
andl of ecit here holes move toward t 
‘ ‘ ‘ ‘ ‘ 
toward ti me tive end f the crvst If 
ting hel n the presence which tends to move them toward the ht. The 
hia? —_ fig Ir not ble t i irrent d nt the detect pont epresented 
— the f exme ment that ertics deflect catt le iv ost 
hile deta that the heb f hole na elect ' rm the ( pe \tte tt the current rm the 

t that which would be expected on the ba ‘ ect termu ema nstant until time 2 - 
lament thy ha veve discu ‘ hed At tin > ‘ t begin to u ve at the 
f these experiment ne thie letect and the irrent increase The lengtt 

fina ent na which beu ‘ f time ft milto2 the time equired f the first 

hole to traverse the distance between the point a 

Have efined tt experiment to the point 

a fll get ow has been reduced t bout 5 pet. Thus the time of * 

Gight fron ne} nt to the ther can be measured e 

vith t? accuracy. and the distance and the ¢ ectru 

eld cat o be measured with high accuracy. In 

_ faust hole move it en electric field 

cor rt result can be expre ed in tern af : 

the mot t\ wh the we cit with which at 

t ver n Table I vhict t een that 

me extent ild be i ested t the 

to a fundamental experiment on the nature de ai in and 

fd eatior n expe ment I hall the Ty } } ctu phot iph of the ke 

te it of this lecture pparatus used by Haynes. The e may be judged 7 

A {it to the theory presented above i hole from the n » obiective seen at the top of the , 

4 move tt the vsta with i definite ve photos ipl The od ‘ ermal in wced nm at 

; ty under the influence of an electric field. T! nsulating plastic block. It irrounded by fou ¥ 
velocity has been measured with the aid of an ex t mani te init vhich can be used for ad : 

7 

neriment ¢ ed itt Havne and istrated ein ntacts to the germaniun 

hematic f min Fis , Intl expe ment. a small k - photos ph of the ose oscopt creen - 

i of germanium about cre ectio The ‘ oscilloscope ‘ 
snd 1 or 2 cm lor emploved. Since the specimer timit , \These cur at intervals of 10° se oe 
and ] | 
ind nes no mobile hols Linde the pulse of hols thus seen to be about 80 n 
+) igh the specimen i ich a direction as to d ‘ As I stated earlie +} experiment just one of : 
vided to the specimen, the one 
nnint contact } heen shown from a et | 
i 
expt ‘ i i 
ant hich vreatly inere ed by the presence of > 
= hole re hood The other pornt wr 

the eft thy pecimer ised fe nserti a < 

siteh (th ctua ccomt hed witt ole Time ~ 
thy f elect nic its). ther few ? ‘ ure 
find themselve n the presence of an electri field LA 


mer 


tedh 


OURNAL 


les 


manipulator used tor 


and electrons 


METALS 


HGUST 
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studying 


the 


velocity 


Fig 7-—Oscilloscope photograph of the arrival wave of injected 


holes m an nm type germanium tiloment The bright spots are marker 


signals spaced at 10 microsec intervals 


~ 


Fig 8—A junction transistor compared with a vacuum tube 
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b 
~ 
wed 
Fig Type Oo of 
: nta that } ed it telephone wire l ng on ordinary vacuum tube t 
j +} endu » te fre ht train. et re 
\ ont eve Mcient powe capi ty 
the purpose nd with ne Anothe 
t t heute thie extreme mec? nica 
t t t ecent the public pre ind ¢ ewhnerte 
n elect ric t n expe t noftthe wav uw 
j methir ‘ than l mn ts cr ectior 
tr sritic distributed it nuniform way if 
t vat ey ented in The 
vere ‘ ‘ ind ele The 
952 


Fig 9—Chemical and electronic structure of an pn 
junction transistor 


Fig. 10—Potential energy distribution under 
conditions of thermal equilibrium for holes 


and electrons in an np 7 junction transistor 


and electrons nect 
acceptors 1 how 
Under thermal e¢ 
t balance out 
are electricalls 


scontit 


Fig. 11-—Arrangement of voltages for on junction 
transistor amplit 


ast 


Fig 12—Potential energy distribution and flow of electrons im an 
junction transistor 
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T ’ i? foret cal omniy th ‘ ent in trie fe ot at 
electric field at the inction which tends t hold 
+ + 4 
vila elect the n-tv pe or ind the 
: 7 The effect of tt elect field upon the ene vy of : 
> 
nm electror hown in F 10. In tl figure, the 
> Fis 
: n-tvpe regions are represented as Valle) where the 
> 
u v potential energy of an electron w, and the } 
tvpe region as a plateau where it lb hat Since a 
> _ hole has a positive yn. which is opposite to that 
+ ac of an electrot the plateau for the electrot become 
+ - j a Valley tom for a hoi he electri eld 
which the elect n the n-regior Will al 
erve to keep the hole n the p-region With the 
aid of the potential ene y diagram of Fig. 10, it 
ble t inderstand how the amplification of 
elect na cat take place n a inction 
trar 
In order to amplify elect cal signi with a june 7 
tion trar t t necessary to apply electrical 
pe voltage The mear of doing tt are ndicated 
>) @ +) chematicall n Fig Electrical contact ire 
L made to the three These contact ire pa 
ve and do not inject hole electro! n the sense 
—_ | of the ntact fiscu ed connectior wit? the 
Havnes experiment. Instead they mplv estat 
POTENT & | notent mn the re or with which the make cor z, 
ENER 
| tact operat conditior the ht-hand 
ELECTRON n-tvpe regior known as the co ector biased te 3 
a positive voltage, and thu becomes extremely at a 
tractive to electrot The base region in the center my 
| is biased to a slightly positive voltage and thus be - 
come mewhat le repulsive to electrons than it 
inder the equilibrium conditions shown Fig 0 
When the biasing potential { 1! are applied 
to the trar tor, the potential ene y diagram be : 
come that shown in Fis 12. On the left le of the : 
POTENT A 
| 
— | 
| 
distribution of hole y to neu- | : 
tralize the donors mn in the Z 
lov r part +} ‘ 
lowe pa of e fis 
| 
conditions, the cha that the 
three portions of the neutral 
It evident that some form of d =!!! i1itv must F GERMANIUM 
exist at the boundari between the n-type and the - 
. p-type region These boundaries are rete! ed to a : 
p-! inctior and the inction trat tor derive t : 
name from them. At the junction an electri field 1 * 
ent It at fit eom ir} ri that ar elect! ‘ east @ F matt 
wa RRENT FOR LAR RRENT 
field can exist in a conducting body under condl- 
tions of thermal equilibrium. A mathematical analy- + 
of the equilit im condition establishe th eo: 
++ ++ 
conclusion, however, but the mathematical steps ar +++ ; 
not easv to describe in simple tern A convincing v7 vv ; 
n n simpl m d 
argument for the presence of an electric field can . 
+ 
however. be established as follow Under the in- = . 
fluence of thermal agitatior the electrons and hole ‘ 
tend to diffuse throughout the specimen so as to be : 
pread uniformly t It is evident that such a 
preading would lead to an ur balance in the charge | a 
Jensity There must, therefore, be ome force which - 
prevent the electrons fron leaving the n-type a 
egion and spreaal out through the p-type regior 
TRANSACTIONS AINE 


Elements of Dislocation Theory 


Fig 14--Schematic representation of an edge dislocat 
a two dimensional hexagonal lattice 


Relationship Between Transistor Electronics and 
Dislocation Theory 


Schematic representation of an edge type dislocation 
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Fig 16—Schematic representation of a screw type dislocation 


Fig 17 Tin crystal deformed slowly at elevated temperatures 
showing the extreme amount of slip that may occur on a given 


shp bond 
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‘ ¢ \ 
the last vertica plane f the ippe 
/ plane When tt has happened, the upper half of : 
4 the tal will have pped one lattice constant i 
ist how much reduction in criti 
| produced by d cation Howeve ict cula 7 
tions have been ci ed out by Nabarre, and it : 
found that the ¢ ti tre muy be educed DY « 
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Growth spirals resulting from growth on the wall due to a screw dislocation 


Fig 2 Growth spirals on 
th to f o carborundum 
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Fig 24—Small angle grain boundary between two crystals and the 
natural means of torming it by an array ot dislocations 


of 


Fig 25-—Unwersal curve tor grain energy as function 


onventation difference derived trom dislocation theory compared 


with experimental measurements 
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Fig. 26—Predicted motion of a small angle gram boundary and 
resultant deformation of a crystal based on the dislocation model 


of grain boundaries 
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Observations on the Preparation of lodide Titanium 


Some observations on the kinetics of the iodide process are reported 
The deposition rate 1s geometry-sensitive in a system containing a 
finely divided titanium charge Further, results indicate that the 
iodine diffusion rate influences the velocity of the process. The non 
volatile iodide, Til, forms in the hot filament zone, thus removing 

iodine from the cycle 


| ITANIUM meta { 99.9 pct purit may be pre bulb of controlled temperature and pa ed over a 
pared using a refining technique originated t ample of titar m powde heated in a horizontal 


aniu 
Van Arkel and de Boe The purity of tt meta tube furnace. The product of the reaction, Til, vola 
mor called fe titamiu ‘ eeds that | i was condensed tside the furnace in 
juced by any known proce In a recent appheatior i series of four glass bulbs, each cooled to room tem- 
he met A em} ed t ereta t perature in tu 
e tit ds up to2t cr hiart i experiment licated that distilla- 
In the Van Arke le Bow ystem, the relative ir tion was retarded in a sealed evacuated system due 
lus t f the fundament mechanisn ] t luc 1 i pre ire build-up in the condensing end of the 
tit n fice 2—-gaseous countercurrent ippuratu Hence, the system was pumped continu 
fTusior ind lecomposition, on the Lepr ously using a mechanical pump and two oil diffusion 
ite have not beer early estat hed. Bloche pumy n eri through a liquid air trap The 
i Campbell have indicated that the contr t odine bulb was made large and a capillary restric- 
the proce inde practical conditions of tion was inserted between the titanium bulb and the 
pe be the reactior ite f tine with the ondenset! © that the odine pre ire over the 
ide meta Fast eported that crude titaniun metal would approach the equilibrium pre ire ovet 
eta eacted with odine ipidly, even at room ‘ i podine c1 tal The effect of th restriction on 
tempe iture ni? apparatu Little ha Deen re the evaporator ite of Til, wa determined Cpu- 
te n the effect cist i iiffusion « aecom pe ite ly The odine bulb wa heated nan oil bath 
bias n the depositior ste It these aspects of cont led to 2 C. The titantum bulb temperature 
} i whict nvest it tomat i cont ed t » ( 
tered An attempt has been made to separate Procedure: About 200 mg of ‘0 mesh titanium 
vw t tter effects f m those due to the formatior powde we hed to O.1 mg Au placed in the re- 
the hae at the le meta face t ia ction buib atte part B had been joined to part A 
the experimental pre ul The powder was tapped into a long (5 cm) shallow 
Reaction of lodine with Titanium along the bottom of the tube. Two chromel- 
. ilur thermocouples were inserted into the mag- 
I he estigation of meta 
thin the nesium radiator which was clamped to the reaction 
i ha dictate the ise 
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Decomposition of Titanium Tetratodide 
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Fig. 3—Eftect of sodine pressure on the transter rate of titanium 
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Table | Variation of the Deposition Rate Along the Filament 
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Fig 4—Decomposition apparatus 
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Titanium-Chromium Phase Diagram 


An investigation of the T:-Cr system has shown the presence 
of a complete series of solid solutions in the © phase, with a 
minimum in the solidus near 50 pct Cr. An intermetallic com 
pound, TiCr, forms during cooling from the ¢ solid solution 
There 1s a eutectoid reaction at the low chromium side of the 
system 
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Table | Temperature Time Relationships tor Heat Treatments 
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Fig 3—-Proposed constitution diagram of the Cr system 
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Fig 6—Plot of hordness vs percentage of chromium 
X ray diffraction pattern of TiCr phase 62 pct Cr 38 All specimens were homogenized ot 1350°C_ tor 
C, and quenched The retlect 4 to 6 he, heat treated ot 600°C. and quenched 
the corresponding angles 2” af which they occur 
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Fig. 8—-65 pct Cr 35 pct Ti alloy homogenized and solution 
treated at 1400°C and quenched Rapid que ach retamed 
phase Aqueous HF etch 100 


Fig. 7—40 pct Cr-60 pct Ti alloy homogenized at 1350°C 
treated at 900°C for 168 hr. and quenched 


solution 
Notice twinning 


motrix plus intermetallic compound 
Aqueous HF etch x500 


4 
PERCENT CHROM 
Fig 9—65 pct Cr 35 pet Ti alloy homogenized and solution Fig 10—Curve of lattice parameter vs atomic per 
treated at 1300°C, and quenched Nearly single phase inter centage of chromium Specimens solution treated oat 
metallic compound Aqueous HF etch 100 1400°C and quenched 


TRANSACTIONS AIME AUGUST 1952, JOURNAL OF METALS—85! 


4 

OR 
| 
© ( ; 
we 
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Fig 15—14 pct Cr 86 px T: alloy as cast motrin 
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Scaling of Lead in Air 


Solid lead obeys a single parabolic weight increase vs. time law 
In contrast, liquid lead undergoes three successive parabolic weight 
imcreases vs. time laws, the first of which has a low constant rela 
tive to the latter two. The conversion times for the change from one 

parabola to the next decrease with increasing temperature 


Fig |—Dissociation pressure arious lead oxides as a 
tunction of temperature 
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Technical Note Decarburization of High Carbon Cobalt Metal 


Table | Composition of Cobalt 


Table 11 Carbon Reduction of Cobalt Oxides in a Three Phase 
Electric Arc Furnace 
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Metallurgical Laboratory 


Buchler specimen preparation equip- 
ment is designed especially for the metallurgist, and 
is built with a high degree of precision and accuracy 
for the fast production of the finest quality of metal- 
lurgical specimens 

1. No. 1315 Press for the rapid moulding of specimen 
mounts, ether bakelme or transparent plastic. Heating ele 
ment can be rained and cooling blocks swung into position 
without releasing pressure on the mold 

2. No. 1211 Wet power grinder with 3. 4° hp. ball bearing 
motor totally enclosed. Has two 12° wheels mounted on 
metal plates for coarse and medium grinding 

3. No. 1000 Cut-off machine is a heavy duty cutter for stock 
up to 3-1 2°. Powered with a 3 hp. totally enclosed motor 
with cut-off wheel, 12> x 4 32 x 1-14 

4. 1505-2AB Low Speed Polisher complete with 8” balanced 
bronze polishing disc. Mounted to | 4 hp. ball bearing, two 
speed motor, with right angle gear reduction tor 161 and 246 
spindle speeds 

5. No. 1700 New Buehler-Waisman Electro Polisher pro- 
duces scratch-tree specimens in a traction of the me usually 
required for polishing. Speed with dependable results is ob 
tained with both ferrous and non-ferrous samples. Simple to 
operate does not require an expert technician to produce 
good specimens 


6. No. 1410 Hand Grinder conveniently arranged for two 


stage grinding with medium and tine emery paper on twin 
grinding surtaces. A reserve supply of 150 ft. of abrasive 
paper is contained in rolls and can be quickly drawn into 


position tor use 


7. No. 1400 Emery paper disc grinder. Four grades of abra 
sive paper are provided for grinding on the four sides of 
discs, 8 in diameter. Motor 1 3 hp. with ewo speeds, 575 and 
RPM 
8. No. 1015 Cut-off machine for table mounting with sepa- 
it recirculating cooling system No. 1016. Motor 1 hp 


fate ut 
with capacity tor cutting | stock 
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METALLURGICAL APPARATUS 
165 WEST WACKER DRIVE, CHICAGO 1, ILL. 


THE brags A LINE OF SPECIMEN PREPARATION EQUIPMENT 
in CUT-OFF MACHINES @ SPECIMEN 
NT PRESSES @ POWER GRINDERS @ EMERY 
PAPER GRINDERS @ HAND GRINDERS @ BELT 
SURFACERS @ MECHANICAL AND FLEC TRO POLISH 
FERS @ POLISHING CLOTHS @ POLISHING ABRASIVES 
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